Abstract: Suicide and non-fatal suicide behavior (NFSB) are significant problems faced by most countries. The objective of this research is to quantify the economic cost of suicide and NFSB in the Australian workforce and to examine the potential impact of introducing a workplace suicide prevention intervention to reduce this burden. The analysis used the best available suicide data, a well-established costing methodology, and a proven workplace intervention. In 2014, 903 workers died by suicide, 2303 workers harmed themselves resulting in full incapacity, and 11,242 workers harmed themselves resulting in a short absence from work. The present value of the economic cost of suicide and NFSB is estimated at $6.73 billion. Our analysis suggests the economic benefit of implementing a universal workplace strategy would considerably outweigh the cost of the strategy. For every one dollar invested, the benefits would be in excess of $1.50 ($1.11-$3.07), representing a positive economic investment. All variations of the key parameter hold the positive benefit-cost ratio. Rates of suicide and NFSB are far too high in Australia and elsewhere. More needs to be done to reduce this burden. Although workplace strategies are appropriate for those employed, these interventions must be used within a multifaceted approach that reflects the complex nature of self-harming behavior.
Introduction
Suicide and non-fatal suicide behavior (NFSB) are significant problems faced by most countries [1] . A suicide is a deliberate act of self-harm taken with the expectation that it will be fatal [2] . NFSB is defined as suicidal thoughts, plans, and attempts to die or inflict bodily harm [2] . NFSB is far more common than fatal suicide events and it is currently believed that for every death by suicide, there are between 10 and 20 attempted suicides [1] . The World Health Organization (WHO) reports that over 800,000 people die due to suicide every year, suggesting that there may be as many as 16 million people who attempt suicide [1] .
Safe Work Australia [26, 27] . The costing framework identifies direct and indirect costs for a range of economic agents (including employers, workers, and the government) segregated by severity (Table 1 ). In the current analysis, we use three levels of severity-short absence from work, full incapacity, and fatality. We assume that for every 15 suicide attempts there is one fatality, and from the 15 attempts, 3 (17%) are classified as full incapacity and 12 (83%) classified as short absence. This assumption is supported by research in Australia [28, 29] . Corresponding duration of absence (for use in calculation of production disturbance costs) are 0.2 weeks for short absence; and 2.6 weeks for full incapacity and fatality [26] . Table 1 . Safe Work Australia categories of severity.
Category Label Severity Category Definition
Short absence Less than five days off work A minor work-related injury or illness, involving less than five working days absence from normal duties, where the worker was able to return to full duties
Long absence
Five days or more off work and return to work on full duties
A minor work-related injury or illness, involving five or more working days and less than six months off work, where the worker was able to return to full duties
Partial incapacity
Five days or more off work and return to work on reduced duties or lower income A work-related injury or illness which results in the worker returning to work more than six months after first leaving work
Full incapacity Permanently incapacitated with no return to work
A work-related injury or disease, which results in the individual being permanently unable to return to work Fatality Fatality A work-related injury or disease, which results in death Source: Safe Work Australia, 2015 [26] .
Six cost groups were used to derive the total cost of suicide and NFSB: production disturbance costs; human capital costs; medical costs; administrative costs; other costs; and transfer costs ( Table 2) . 
Production Disturbance Costs
Production disturbance costs reflect short-term impacts until production is returned to pre-incident levels and includes the value of lost production and staff turnover costs. Value of lost production is measured by combining average duration of absence (by severity category) with average weekly earnings (AWEs), where AWE is a weighted income of two groups of employees permanent or fixed term and casual [30] . Cost of overtime reflects the proportion of overtime related to work-related injuries and wage of workers that would not be required if there were no injury. Overtime is valued by combining AWE with duration of absence (by severity category) and an average taxation rate of 40% [26] . The cost of replacing existing staff affected by work-related incidents is equivalent to 26 weeks of AWE, and the cost of training new staff in the event of full incapacity or a fatality is equivalent to 2.5 weeks of AWE [26] .
Human Capital Costs
This analysis uses the human capital approach to costing. Human capital costs consider the long-run costs, such as loss of potential output, occurring after a restoration of pre-incident production levels. They are calculated as a residual between total human capital loss and deadweight loss to society from taxation redistributions. For full incapacity or fatality, human capital costs are measured by considering the value of potential future earnings from time of injury to retirement age in Australia (i.e., 65 years) assuming a discount profile and productivity loss. The discount profile considers the likely changes in the value of money over time by including the opportunity cost of saving (4.58%) [31] and the rate of inflation (2.75%) [32] . A productivity factor of 1.75% [26] is applied to reflect long-term increases in AWE above the prevailing wage inflation rate. Tax losses due to foregone income are valued using a tax rate of 25% [33] .
NCIS data is used to identify the average age of suicide. The median age of suicide is used as a proxy for the average age of a full incapacity case. For full incapacity, future earnings also include the average social welfare payments received, since these contribute to post-injury income. These costs are borne by the government through the disability support pension-equivalent to $777.50 per fortnight [34] (in 2014 dollars [32] ). The average life expectancy at birth in Australia in 2014 is 82.4 years (84.4 years for females and 80.3 years for males) [35] . If the median age of suicide is 42.0 years (40.0 years for females and 42.0 years for males), then potential years of life lost (PYLL) are 40.4 years (44.4 for females and 38.3 for males). Potential productive years of life lost are 24.0 years (26.0 for females and 24.0 for males). It is assumed that an incapacitated person will receive the disability support pension from time of incident until average age of death. Further, it is assumed the full incapacitated and fatalities never return to work and the full cost is borne by the government in terms of lost income and tax revenue. These assumptions are consistent with those used in the Safe Work Australia report [26] .
Medical Costs
Medical costs are expenses incurred by workers and the community through medical treatment. Average medical costs per incident by severity are sourced from Safe Work Australia [26] : $820 per short absence; $12,515 per full incapacity case; and $2430 per fatality. In all work-related incidents involving medical care, the employer covers the first $500, and employers contribute 15% of the difference with the government accounting for the remainder.
Administrative Costs
Administrative costs included in this analysis are investigation costs, travel costs, and funeral costs. Investigation costs consider the costs of investigating an incident and the administrative cost of collecting and reporting information on work-related incidents. Average investigation costs by severity are sourced from Safe Work Australia [26] : $28 per short absence; $2374 per full incapacity case; and $2840 per fatality. It is assumed that government investigation costs would be equal to the cost borne by the employer. Travel costs represent expenses for travel to doctors, rehabilitation centers, solicitors, etc.: $5 per short absence and $260 per full incapacity case. For full incapacity cases, the government is assumed to match travel expenses 1:1 with the individual, in effect assuming a 50% travel concession for full incapacitated workers. Funeral costs are estimated at $4000 and borne entirely by the worker (family). It is acknowledged that funeral costs may be associated with all deaths, fatality by suicide brings these costs forward.
Other Costs
Other costs included in this analysis are cost of carers and aids/modifications for full incapacity cases and the cost of postvention services for fatalities. Postvention is a psychological first aid, crisis intervention, and other support offered after a suicide to affected individuals or the workplace as a whole to alleviate possible negative effects of the event. Safe Work Australia [26] uses disability support pension payments of $2056 and $646 per annum as a proxy for the cost of carers and the cost of aids and modifications, respectively. The total of these payments is discounted to present value terms over the period between the incident and reduced life expectancy.
A fatality by suicide has a flow-on effect with research suggesting that each fatality by suicide impacts directly on six to twenty people [36] . The economic cost associated with suicide bereavement has been estimated at $14,350 [36] (in 2014 dollars [32] ). Evidence from an Industry source [23] suggests that each fatality by suicide may be witnessed by on average three colleagues that would then require counselling and time off work as part of postvention care. These costs are estimated at $10,000 per worker from time of incident to return to full duties [15] . This assumption is in line with other attempts to measure the ripple effects of a suicide but may be considered as conservative as it only considers the impact on workers and not families or friends.
Transfer Costs
The redistribution of public sector resources to care for incapacitated persons incurs deadweight costs on society-for every dollar of tax raised, about 28.75 cents is absorbed in the distortions induced and the administration of the tax system. In this analysis the deadweight loss is measured as the value of taxation receipts foregone, equivalent to 28.75 cents in every foregone tax dollar [26] .
Consistent with the Safe Work Australia report [26] , the methodology used in this analysis is based on an incidence based approach. The incidence based approach allows a better estimate of the economic cost, since it allows the future costs for new cases to be followed over the expected lifetime of the case. This approach is known as the lifetime cost approach, and provides an indicator of the benefits of reducing work-related incidents. The costs that an injury imposes in future years are discounted to present values (i.e., constant 2014 dollars in this analysis). The lifetime cost approach assumes the levels and structures of current costs accurately reflect future costs.
A further assumption made in the Safe Work Australia report [26] , and carried over to this analysis, is that the methodology is based on an ex-post approach in which costs are attributed to incidents after they occur and as a direct result of the incident. The nature of the compensation-based data, on which the Safe Work Australia report is based, lends itself to an ex-post estimation process. The current and future costs associated with each case can be assigned individually (since the number of cases and the nature of each case is known) and the total cost estimated by aggregating the cost of each case and/or cost component from the bottom-up.
Potential Impact of a Universal Workplace Suicide Prevention Intervention
Mates in Construction (MIC) is an example of a multifaceted workplace suicide prevention strategy developed in Australia [15, 20, 21] . MIC is a multimodal prevention and early intervention program, consistent with the national "living is for everyone" suicide prevention strategy and with Mrazek and Haggerty's [37] spectrum of prevention and intervention. MIC has three main components: general awareness training (GAT); connector training; and applied suicide intervention skills training (ASIST) [24] . GAT involves a 1-h training session provided by accredited trainers to construction workers on sites with the aims of increasing awareness of suicide as a workplace health and safety issue, improving knowledge of warning signs, and encouraging workers to seek support. Connector training involves a 4-h training session provided by MIC. The role of a connector is to keep coworkers safe while connecting them to help, that is, to an ASIST-trained worker, MIC field officer, or case manager. ASIST workers undergo an intensive 2-day training course to enable them to identify cues and respond appropriately to calls for help with the goal of reaching a contract or safe plan involving extra help and safety. MIC accredited sites or employers also receive promotional materials and access to other MIC programs including a 24/7 helpline. Gullestrup et al. (2011) [24] established the social validity and effectiveness of MIC for improving suicide and mental health awareness, help-seeking behavior, and treatment engagement. Doran et al. (2015) [20] extended the research by Gullestrup et al. (2011) [24] and assessed the impact of MIC by comparing the risk of suicide pre and post the implementation of MIC in the Queensland construction industry. This method of calculating a relative risk ratio (RRR) has also been used in an evaluation of the United States Air Force suicide prevention program [38] . [20] reported a RRR of 0.904 (95% confidence interval 0.909-0.900), equivalent to a reduction in suicide risk of 9.6% (9.1%-10.0%). However, this reduction in suicide risk was only partially attributed to MIC as there may have been other suicide prevention strategies that could have impacted on reduction in suicide risk. Over the post-MIC intervention period (2008-2012), the average uptake (or penetration) of general awareness training was 9.4% (i.e., the average proportion of the construction industry workforce exposed to GAT activities over the period of interest). Doran et al. (2015) considered that the introduction of MIC was associated with a 0.91% (9.6% × 9.4%) reduction in the risk of suicide.
This rate is used in the current analysis to estimate the potential impact of rolling out a similar workplace suicide prevention strategy, with a similar uptake as MIC. The cost of rolling out MIC in Queensland was estimated at $37.46 per worker each year. Using Australian Labor Market Statistics [39] , the size of the employed Australian workforce is estimated at 11,582,797 in December 2014. Our analysis adopts an update rate of 9.4% to reflect the proportion of workers exposed to the workplace suicide prevention strategy. The potential economic impact of implementing MIC across the entire Australian workforce is derived by comparing the economic savings from fewer suicides (i.e., a 0.91% reduction in suicide) with the cost of implementing the program ($37.46 per worker per year). Results are expressed as a ratio of benefits to costs with the ratio greater than 1 representing a positive economic investment. Table 3 contains key parameters applied to the costing analysis and hypothetical impact modelling. 
Sensitivity Analsysis
Sensitivity analyses were undertaken to test the robustness of results to changes in key parameters. The ratio of suicides to suicide attempts (i.e., 1:15) was adjusted to 1:10 and 1:20 reflecting the lower and upper boundaries of the WHO estimate [1] . The proportion of suicide attempts resulting in full incapacity (i.e., 17% of suicide attempts) was varied by 5 percentage points (±5%). Median age of suicide (i.e., 42 years) was reduced to 40 years depicting the female median age of suicide. Average life expectancy at birth (i.e., 82.4 years) was reduced to 71.6 years and 77.0 years reflecting the average life expectancy of people born 40 and 42 years ago. The discount rate used to convert future costs to present value (i.e., 4.58%) was adjusted to 0%, 3%, and 5%. Average weekly earnings (i.e., $1182) were reduced to $863 to accommodate the fact that around three-quarters of people who die by suicide would have had a mental disorder [40] . Evidence suggests that people with mental illnesses earn on average a third less than median earnings compared to those with no health condition in full time employment and adjusted for age, sex, and education [41] . Suicide risk reduction (i.e., 9.6%) was varied according to 95% confidence interval (9.1%-10.0%). The attribution of MIC to avert suicide was increased by 5 and 10 percentage points of 9.4%. Lastly, the average cost of MIC per worker per year (i.e., $37.46) was increased to $45.00 after discussion with the MIC board.
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Results

Suicide and Non-Fatal Suicide Attempts
In 2014, a total of 2419 Australians died from suicide, suggesting an age adjusted death rate of 10.3 per 100,000. Of these fatalities by suicide, 903 were employed at the time of death. Using the WHO statement [1] on the relationship between suicide and NFSB, we could expect 13,545 non-fatal suicide attempts with 2303 resulting in full incapacity and 11,242 resulting in a short absence from work. Table 4 provides various characteristics of these 903 people. Eighty four percent (n = 759) were males; the median age at time of death was 41.1 years for females and 42.1 years for males; 43% were married/de facto; threats to breathing were the most common cause of death (66%); and the majority of deaths (62%) occurred at home. There was no significant differences in age, marital status, or place of death. There were, however, significant differences in the cause of death between females and males χ 2 (6, n = 903) = 34.332, p < 0.001 . Threats to breathing were the most common cause of death in males (M:F, 68% vs. 57%), whereas poisoning was more common in females (F:M, 32% vs. 13%). 
Average Cost of Suicide and Non-Fatal Suicide Attempts
The average cost associated with suicide incidents and NFSB is provided in Table 5 . The average cost of a short-term absence is estimated at $1184 per incident; $2.25 million per incident resulting in full incapacity; and $1.69 million for each fatality. The key cost driver in both full incapacity cases and a fatality is lost income (and taxes) and, for full incapacity only, the additional cost of welfare payments. 
Total Cost of Suicide and Non-Fatal Suicide Attempts
Total cost associated with NFSB and suicide is provided in Table 6 . The total cost of suicide and NFSB in 2014 is estimated at $6.73 billion. The majority of this cost is attributed to the cost associated with NFSB resulting in full incapacity (77.3% of total costs or $5.19 billion), followed by the cost of a suicide (22.5% of total costs or $1.52 billion) and NFSB resulting in a short absence from work (0.2% of total costs or $13.31 million). 
Potential Impact of a Universal Workplace Suicide Prevention Intervention
The potential economic impact of implementing the multifaceted workplace suicide prevention strategy (MIC) across the Australian workforce has an estimated saving of $61.26 million each year ( Table 7 ). The majority of benefits (97%) are estimated to flow to the government with a saving of $59.44 million each year. The total annual cost of implementing the program is estimated at $40.97 million, suggesting a benefit cost ratio equivalent to 1.50:1, representing a positive economic investment of public funds. 3.5. Sensitivity Analysis Table 8 provides the results of sensitivity analyses. All variations in key parameters have little impact on the positive economic benefit of MIC, resulting in the benefit-cost ratio ranging between 1.11 and 3.07. 
Discussion
The objective of this study has been to quantify the economic cost of suicide and NFSB among employed Australians and to examine the potential impact of introducing a workplace suicide prevention intervention to reduce this burden. Although evidence suggests that the rate of suicide among workers is high, to the best of our knowledge, this is the first study that has quantified the cost and potential economic return of addressing this harm through a workplace strategy. However, before discussing the key findings of this research, it is important to reflect on the strengths and limitations of our approach.
This study has several notable strengths. First, our costing methodology is consistent with the Safe Work Australia approach [26, 27] which had been endorsed by the National Occupational Health and Safety Commission [23] and applied in several studies [18, 21] . Such a framework adds validity and robustness to the cost estimates. Second, this analysis uses the best available evidence of suicide fatalities in Australia, recorded in the NCIS. The system underlying cause-of-death statistics is complex and suicide is a particularly challenging cause to record and classify [42] . The NCIS provides confidence that our data is accurate [43, 44] . Third, we have used evidence of an existing workplace intervention to model the potential economic impact of implementing a universal workplace strategy. We have erred on the side of caution by adopting conservative estimates of the potential effectiveness and reach of such a workplace strategy. Fourth, unlike most suicide costing studies, our analysis includes postvention costs associated with bereavement and counselling. Failure to include postvention services is known to underestimate any cost estimates [45] .
Several limitations are also worth noting. First, given a lack of good quality Australian data on NFSB, we have used the World Health Organization ratio of 15 cases of NFSB to every death by suicide to approximate the number of non-fatal attempts. Although this relationship is supported by Australian research [28, 29] , there may be scope to either under or overestimate cases of NFSB. Second, the costing analysis relies on averages-average weekly earnings and median age of death. These averages will mask the potential variance in economic cost per fatality with younger people having a higher economic cost than the elderly. Third, the NCIS does not contain information on full-time or part-time status, though the average weekly earnings figures took into account a weighted income for permanent or fixed term and casual employees. Fourth, the effectiveness parameters are based on a pre-post study without control group [21] . Fifth, the analysis did not attempt to estimate the costs saved by the transfer of knowledge gained through workplace training such as MIC. The ripple effects of other suicide gatekeeper programs have shown that for each person trained another five people have conversations with that trainee and learn about best practices in suicide intervention [28, 45] . This transfer of knowledge then increases the potential of saving lives outside of work. Lastly, the cost calculations do not include potential savings of suicide, as advocated by Yang and Lester [6] , which might arise as a result of not having to treat the depressive and other psychiatric disorders of those who kill themselves; or avoidance of pension, social security, and nursing home care costs.
Our key findings suggest that, in 2014, over one-third of all suicide fatalities in Australia were among employed people. An estimated 13,545 workers experienced NFSB with 2303 resulting in full incapacity and 11,242 resulting in a short absence from work. The present value of the economic cost of suicide and NFSB is over $6.73 billion. Across all categories, the burden of cost associated with self-harm and suicide is borne largely by the government: 97% or $6.56 billion of the total combined cost of $6.73 billion.
Death by suicide for employed people is known to be a result of a complex interaction between individual vulnerabilities and work-related environmental factors that trigger stress reactions and contribute to poor mental wellbeing [1] . In its recent call for action, Suicide Prevention Australia argued the urgent need to addressing a range of systemic issues in the workplace, including managing unemployment, workers' compensation, and coronial processes [28] . Our analysis suggests that if a workplace strategy such as MIC was universally implemented, there might be on average 8.2 fewer suicides, 21.0 fewer self-harm attempts ending in full incapacity, and 102.3 fewer self-harm attempts ending in a short absence from work. The potential economic benefit of averting this harm ($61.26 million each year) considerably outweighs the cost of the strategy ($40.97 million each year). For every one dollar invested in a workplace program like MIC, the benefits would be in excess of $1.50 ($1.11-$3.07), representing a positive economic investment. All variations of the key parameter in sensitivity analyses hold the positive benefit-cost ratio. These results support the view that the level of return on investment (i.e., $1.50) is a conservative estimate. Our estimates of the cost of suicide and NFSB in the Australian workforce reinforce the importance of additional preventive measures.
Conclusions
Rates of suicide and NFSB are far too high in Australia and elsewhere. Although being employed has a protective effect on suicide behavior, over one-third of all Australian suicide fatalities during 2014 were among employed people. The associated economic burden of $6.73 billion is avoidable. More needs to be done to reduce this burden. Although workplace strategies are appropriate for those employed, these interventions must be used within a multifaceted approach that reflects the complex nature of self-harming behavior.
